Background: Cancer immunotherapy treatments enhance the cancer treatment approach. The neutrophil-to-lymphocyteratio (NLR) has been associated with cancer prognosis, affecting progression, chemosensitivity, radiosensitivity and toxicity. Patients and Methods: Ten patients (nine males, one female), aged 68 ± 10 years, were included in this study. Six patients had squamous cell carcinoma of the lungs and two had adenocarcinoma of the lungs. One patient suffered from limb soft tissue sarcoma and one had renal cell carcinoma. All patients had metastatic disease and were pretreated with chemotherapy or biologic agents. The rationale of testing NLR was to compare it to the clinical response of the patients assessed by RECIST criteria using computerized tomography (CT) scans. Results: In regression analysis, older patients were found to respond better to immunotherapy treatment than younger patients. NLR was 4.26 ± 2.25 (p < 0.01) in the older patients group and 2.84 ± 0.90 (p < 0.01) in the younger patients group. No difference in response according to tumor type (p = 0.479) was observed. Conclusion: We provide preliminary evidence demonstrating that low NLR helps in understanding the value of the underlying immune system in expecting a good outcome to immune treatment. The NLR is a simple and available biomarker, easy to apply in clinical practice.
Introduction
Cancer immunotherapy treatments enhance the innate powers of the immune system to fight cancer and represent the most promising new cancer treatment approach since the development of the first chemotherapies in the late 1940s. Immunology has led to major treatment revolutions for several cancers types [1] [2]. The innate immune system acts as a first line of defense including a vast number of components, while the adaptive immune response results in the development of cytotoxic CD8 + T-cells, helper CD4 + T-cells, and antibody-producing plasma cells [3] [4] . The adaptive immune system contains several highly specific antigen receptors on T-and B-cells, and the binding of an antigen to the B-or T-cell receptor promotes the progress of an antigen-specific immune response and the growth of long-lived memory cells. After the suppression of cancer, the memory cells potentially prevent tumor regrowth, reduce metastatic spread, and limit de novo initiation of secondary malignancy [5] . Evasion mechanisms used by cancer cells in order to escape the host immune response are important targets for immunotherapy. The loss of antigen expressions along with cytotoxicity resistance, demonstrate how tumor cells overcome immunity. Tumor cells can actively induce an immunosuppressive state. With the ultimate aim of remodeling the tumor microenvironment, some immunotherapeutic approaches to inhibit tumor-induced immunosuppression have been introduced. PD-1, an inhibitory receptor located on T-cells and B-cells surface, binds to programmed death-ligands 1 and 2 (PD-L1 and PD-L2). PD-L1 is widely expressed on hematopoietic and non-hematopoietic cells. The main part of the PD-1/PD-L1 system is to limit the effector T-cells response and immune-mediated tissue damage [6] . In Particular, the use of mAbs directed at PD-1, PD-L1, and CTLA-4 has presented promising outcomes [6] . Nivolumab is an IgG4 mAb that targets PD-1. This mAb has shown anti-cancer activity versus several tumor types including non small cell lung cancer (NSCLC) [3] [4] [5] . The first Phase I clinical trial of an anti-PD-1 antibody revealed activity in NSCLC, and subsequent studies have demonstrated that a PD-1 pathway blockade enables durable tumor responses [7] . Completed Phase I and II clinical trials resulted in the FDA approval of second-line chemotherapy regimens for resistant squamous NSCLC.
The safety of nivolumab in NSCLC patients, specially in those with squamous cell cancer, was established in a Phase II trial (CHECKMATE-063) in patients who had progressed after systemic chemotherapy. The most common adverse events (AEs) were fatigue (50%), dyspnea (38%), musculoskeletal pain (36%), decreased appetite (35%), cough (32%), nausea (29%), and constipation (24%). Serious AEs occurred in 59% of patients including dyspnea, pneumonia, an exacerbation of COPD, pneumonitis, pleural effusion, and hemoptysis. These adverse reactions led to the termination of treatment in 27% of patients [8] .
In one randomized trial, patients received mono-therapeutic nivolumab (3 mg/kg every 2 weeks, intravenously) or docetaxel (75 mg/m 2 every 3 weeks, intravenously) displayed that the median overall survival (OS) was higher in pa- [9] . The effective use of nivolumab as a second-line therapy led to studies of nivolumab as a first-line treatment. Presently, nivolumab is being studied in a Phase I trial to evaluate its safety and tolerability as a first-line combination-or mono-therapy in chemotherapy-naïve patients [10] .
The neutrophil-to-lymphocyte ratio (NLR) has been associated with cancer prognosis, influencing progression, chemosensitivity, radiosensitivity, and toxicity, while the distribution of NLR in healthy population was not formally studied. In healthy populations, Results demonstrated that NLR was positively associated with age. The eldest age group possessed the highest NLR and the youngest age group had the lowest NLR [11] . If elevated, worse outcomes in several malignancies were revealed [12] [13] [14] [15] . The role of NLR in immune therapy is not well defined, and only scarce information is available [16] [17]. In this paper we present our first observation of NLR in patients treated with immunotherapy as at least second line treatment.
Patients and Methods
A cross-sectional study of 10 patients included nine males and one female, aged 68 ± 10 years. Six patients had squamous cell carcinoma of the lung and two had adenocarcinoma of the lung. One patient suffered from soft tissue sarcoma of the limb and one patient had renal cell carcinoma. All patients had metastatic disease and were pretreated with chemotherapy or biologic agents (see Table 1 sample characteristics frequencies). 
Statistics
First, a univariate analysis was performed to all variables to identify parameters of patients who responded to treatment with PD-1 inhibitors. Chi-square statistics were used for categorical variables and one way ANOVA was used for numerical variables. After ruling out multi-co-linear relationship, logistic regression was used to distinguish independent predictors of patients who responded to PD-1 inhibitors versus patients with no response. Since all independent variables in this model were categorical, exponential coefficient estimates may be interpreted as conditional odds ratios. All comparisons were exploratory. Pvalues account statistical significance (two sided, alpha level 5%). Analyses were performed using IBM-SPSS vs. 24.
Results
Median treatment time was 16 days (range, 14 -63 days), and immunotherapy is given once every two or three weeks.
In one way ANOVA regression analysis, we found that older patients responded better to PD-1 inhibitors treatment than did younger patients. Older patients had significant lower NLR than younger patients who did not show response. Non-responders were significantly younger than the responders, 59 ± 6.32 years versus 74 ± 6.58 years, p < 0.001.
The NLR in the younger patients group (under 65 years of age)was significantly higher than that in the older patients group (older than 65 years of age), Measurements of neutrophils and leucocytes were found to be 12.30 ± 5.37 times (range 2 -9, p < 0.005). Younger patients with a high NLR had less chances of having a clinical response ( Figure 1 ). We did not observe any differences in response according to tumor type (p = 0.479).
Discussion
The NLR has been associated with cancer prognosis, influencing progression and chemosensitivity, radiosensitivity and toxicity. If elevated, NLR is associated with worse outcomes in several malignancies [12] [13] [14] [15] .
The role of NLR in immune therapy is not well defined, and only scarce information is available [16] [17] . In a cohort of 175 patients with NSCLC treated with nivolumab in routine practice, Bagley et al noted that pretreatment NLR ≥ 5 was associated with inferior outcomes [16] . It is unclear whether this marker is predictive or prognostic. In our preliminary study, the cohort of patients is small and they had different tumors. However, a large number of measurements was taken for each patient and showed that patients with low NLR responded better to immunotherapy than did patients with high NLR. This is confirmed by Templeton et al who demonstrated that the immune cells proportion in the blood is of prognostic value, hence, a decrease of the proportion of neutrophils to lymphocytes was associated with more positive outcomes, while an increase had the reverse effect [19] . A different effect is known in chemotherapy and in radiation treatment; patients who presented with higher NLRs and lower serum albumin levels experienced less treatment-related symptomatic toxicity [12] [13] [14] [15] [20] . In our preliminary finding we found a difference of age in correlation to NLR, where the oldest patients had the lowest NLR and better response. We have no explanation for this phenomenon. To the best of our knowledge, no similar report has been found in the literature.
We have provided initial evidence, based on a relatively high number of measurements of neutrophils and leucocytes (12.30 ± 5.37), that a low NLR helps probably, to understand the value of the underlying immune system in predicting a good outcome to immune treatment. However, the parameter has a potential to be a marker with further systemic study with more homogeneous sample to appreciate the results.
Conclusion
The neutrophil-to-lymphocyte ratio is an accessible biomarker, easy to implement in common practice. The NLR can be used in addition to the other established prognostic factors and newer genomic predictors; the NLR could perfect therapeutic algorithms and assist in decision-making in regards with the need for immune therapy, currently used in cancer patients. In conclusion, the NLR is an easy, not complicated and cheap prognostic factor, that can improve the various immune treatments in oncology.
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